Fifty consecutive patients in the authors' practice were anaesthetised with a total intravenous technique using propofol infusion, fentanyl, vecuronium and oxygen in air. Patients were predominantly elderly and undergoing major upper gastrointestinal surgery for a mean duration of 133 minutes (range 20 minutes to 7 hours). Twenty-one patients had significant concomitant medical illness. Propofol was found to give a rapid, smooth induction with wide variation in dose requirement (0.5 to 2.9 mg/kg). There was a mean systolic blood pressure fall of 27% from preoperative values, greatest in elderly patients. Depth of anaesthesia was readily adjusted by alteration in infusion rate according to standard clinical criteria. The dose of propofol required for maintenance was highly variable (range 2-15 mg/kg/hr in thefirst hour). Three patients reported dreaming and two of these had shown signs of light anaesthesia. Recovery was rapid, with few side-effects, and a mean time to open eyes on command of 8.5 minutes from the end of infusion. Propofol was considered to be a satisfactory intravenous agentfor the induction and maintenance of anaesthesia in the majority of patients studied. The most significant problem was hypotension following the induction dose.
patients and there is limited data on the use of propofol as a routine total intravenous agent in day-to-day anaesthetic practice. In this paper, we describe a technique of propofol/ vecuronium/air/oxygen anaesthesia used in an unselected group of consecutive patients with a view to assessing its suitability as a routine intravenous anaesthetic induction and maintenance agent. This initial experience with the technique was the pilot study for a formal comparison of standard gaseous versus total intravenous propofol anaesthesia. METHODS Ethical committee approval was obtained before the commencement of the study in which fifty consecutive patients undergoing elective surgery were anaesthetised.
Premedication was diazepam 10 mg orally 1-2 hours preoperatively in 47 patients; three patients received an opiate premedicant. A wide bore cannula was inserted into a forearm vein prior to induction, a standard V-5 chest lead ECG was established and blood pressure and pulse measured using a Dinamap 1846P automatic recorder. At induction, all patients received fentanyl 2 Ilg/kg, followed one minute later by propofol 1 mg/kg (lipid emulsion formulation), followed after 20 seconds by 10 mg aliquots every 10 seconds until loss oflash reflex and verbal contact. The initial bolus was reduced to 0.5 mg/kg for elderly or frail patients. In 46 patients, neuromuscular blockade was achieved using vecuronium 0.1 mg/kg. In four patients, suxamethonium 1.0 mg/kg was used to facilitate rapid endotracheal intubation, and these patients then received 0.1 mg/kg vecuronium. All patients were intubated and ventilated using a mixture of oxygen and air to give an FI02 of 0.5. End tidal C02 was monitored to maintain an ETc02 of 30-35 mmHg.
Maintenance of anaesthesia was achieved with a propofol infusion (10 mg/ml) using a syringe pump at an initial rate of 9 mg/kg/hr, based on previously published data. I ,2 Infusion rate was then adjusted according to patient response and assessment of changes in blood pressure, pupillary signs, sweating, pallor and movement. Above infusion rates of 40 ml/hr adjustments were made in steps of 1 0 ml/hr, and below this rate in steps of 5 mllhr. When required, a 10 mg bolus of propofol was used to rapidly increase the depth of anaesthesia. Increments of 1 Ilg/kg fentanyl were given every 30 minutes, except in neurosurgical patients where the dose was given at 60-minute intervals.
Neuromuscular blockade was assessed using a train-of-four stimulus, and was deliberately maintained at predominantly sub-paralysing levels in order that the patients' response to the propofol could be more easily assessed. Increments of vecuronium 2 mg were given when the third twitch returned or if the patient moved.
Immediately following surgery the infusion was discontinued and two minutes later, muscle relaxation reversed using edrophonium 30 mg and atropine 0.6 mg. The time to onset of spontaneous ventilation, extubation and opening eyes on verbal command were recorded. Side-effects in the recovery room were noted and all patients were questioned for intraoperative dreaming or awareness.
Statistical correlations were performed where appropriate using simple linear regression analysis for parametric comparisons and a Spearman rank correlation for nonparametric comparisons.
RESULTS

Patients
Of the 50 patients studied, 27 were males and 23 females, with a mean age of 51 years (range 13 to 80) ( Figure 1 ). The type of surgery undertaken was predominantly upper abdominal, including gastric bypass operations for morbid obesity, or neurosurgical, including spinal column surgery (Table 1) predominantly ASA 11 and III ( Table 2 ). The mean duration of anaesthesia was 133 minutes (range 20 minutes to 7 hours), with the majority of patients receiving anaesthetics lasting 1-2 hours ( Figure 2 ).
Anaesthesia
Induction of anaesthesia required doses of propofol ranging from 0.5 to 2.9 mg/kg with a mean induction dose of 1.6 mg/kg ( Figure 3 ). The required dose of propofol per kilogram, given by titration, significantly correlated with patient age (P < 0.05), ASA grade (P < 0.005) and inversely with weight (P < 0.05) ( Table 3) .
During the first half hour of anaesthesia the mean infusion rate was 7.5 mg/kg/hr, falling to 6.5 mg/kg/hr in the second half hour. However, the range of infusion rates varied from 2-15 mg/kg/hr over this period. Over the ensuing three hours the average required rate of infusion fell from 5. Duration of Anaesthesia (hr) Figure 4 ). In four patients the initial infusion rate was immediately reduced due to hypotension following the induction dose. Six morbidly obese patients (weight> 100% above ideal) were anaesthetised, requiring a mean infusion rate of 6.5 mglkg/hr in the first hour and 5.4 mg/kg/hr in the second hour. These doses corrected for lean body weight were equivalent to 9.8 mg/kg/hr and 8. 1 mg/kg/hr. The mean number of infusion rate adjustments during the first hour was three and for each subsequent hour 1.1.
Cardiovascular response
Mean blood pressures and pulse rates for the group are shown in Figure 5 . Both systolic and diastolic blood pressures fell a mean of 27% from preoperative levels. There was a mild pressor response at the time of intubation, although blood pressure in only two cases exceeded preoperative values, blood pressure then settled at a mean of 23% less than the preoperative value and slowly climbed towards the preoperative value as duration of anaesthesia progressed. In 17 patients, blood pressure rose by more than 10% of the existing value during surgical incision and in three patients this was to greater than the preoperative value. This pressor response did not correlate with infusion rate, age or ASA grade. The mean infusion rate at the time of incision was 7,0 mg/kg/hr (range 4,1-11.8 mglkglhr).
Mean pulse rate changed by less than 10% over the induction-intubation period (range + 37% to -34%), and fell slowly as duration of anaesthesia lengthened and blood pressure climbed.
During the first five minutes of anaesthesia fourteen patients recorded mean systolic blood pressure falls of greater than 33% of preoperative values, and in four patients the fall was greater than 50%. In all but two of these patients the blood pressure returned to an acceptable level (less than 33% fall) within ten minutes of induction. There was a highly significant correlation between the maximum fall in systolic blood pressure on induction and patient age (P < 0.005) but not with ASA grade, weight (Table 3 ) or induction dose of propofol (Table 4 ).
Recovery
Recovery characteristics were assessed in 47 patients as three were electively ventilated postoperatively for reasons unrelated to the anaesthesia.
Following discontinuation of the propofol infusion the mean time to the return of spontaneous ventilation was 5.3 minutes (SD 3.9 minutes). The mean time to extubation, which was carried out when patients had ceased to tolerate the endotracheal tube, was 7.5 minutes (SD 5.2 minutes) and the mean time to opening eyes on command was 8.6 minutes (SD 5.9 minutes) ( Figure 6 ). For four patients the time to eye opening on command was more than 20 minutes; two of these patients were on regular sedative medication (phenobarbitone and phenothiazines) and one patient was an alcoholic. All had required greater than average infusion rates of propofol (8.8 mgl kglhr over the first hour).
For the group as a whole there was no correlation between the time taken to open eyes on command and duration of anaesthesia, infusion rate at the end of operation, total dose of propofol received, age, weight, sex or ASA grade.
Three patients complained of nausea in the first hour postoperatively. Of these, two had had upper gastrointestinal surgery and the third, the only patient who vomited in the recovery ward, had had an acoustic neuroma excised. Three patients woke from anaesthesia in pain and fourteen patients required opioid analgesia within 30 minutes of the end of operation.
Systolic and diastolic blood pressure had returned to within 10% of preoperative values on arrival in the recovery ward in all patients.
Untoward events
Three patients reported dreaming during the anaesthetic. The first was an obese 72-year-old woman with controlled congestive cardiac failure. She had a one-anda-half hour cholecystectomy during which there was a period of hypertension (1641 100 mmHg), movement and a brief run of ventricular ectopic beats 25 minutes from the beginning of anaesthesia. The infusion rate of propofol at that time was 6.6 mglkglhr.
The second patient was an obese 49-yearold woman undergoing a craniotomy and regular medication included phenobarbitone, dilantin and nitrazepam. Three hours after the beginning of anaesthesia at an infusion rate of 6.2 mglkglhr the patient showed purposeful movement with no other signs of lightness.
The third patient was a robust 46-year-old man, ASA I, who had an uneventful anaesthetic and whose lowest infusion rate was 6.6 mglkglhr. In the latter two patients the dreaming was described as pleasant and in no patient did frank awareness occur.
In two patients undergoing craniotomy (where intracranial pressure was not elevated) the anaesthetic technique was abandoned because of its inability to adequately control the blood pressure. In one, the blood pressure was unable to be reduced from 180/95 mmHg despite a total dose of propofol by infusion and bolus of 800 mg over 40 minutes (15.9 mglkglhr) . Blood pressure control in both patients was rapidly achieved with isoflurane.
Three patients sweated at some time during the anaesthetic but blood pressure and pulse were not elevated. In each case sweating ceased with an increase in the propofol infusion rate.
Three patients developed cardiac arrhythmias; two (one previously mentioned) had short runs of ventricular ectopic beats, and the third a brief period of missed beats. Two patients required atropine for bradycardia of less than 50 beats per minute, one intraoperatively associated with peritoneal traction and the other following reversal of neuromuscular blockade.
Five patients were on high doses of centrally acting sedative medication (combinations of two or more of the following; phenobarbitone, phenytoin, nitrazepam, amytriptylline and chlorpromazine). These patients required higher than average doses of propofol to maintain a stable blood pressure (8.8 mgl kglhr in the first hour) and were notable in that all have already been referred to in the above discussion on morbidity. Two dreamed during the anaesthetic, in one the technique was abandoned because of poor blood pressure control, and the other two were noted for their poor recovery.
DISCUSSION
In this study we used a total intravenous technique to anaesthetise a group of consecutive, elective surgical patients presenting in the authors' practice. The majority of patients were undergoing major surgery, and many were suffering from significant medical illness. In all cases the induction dose of propofol was titrated to patient requirements. Induction was characteristically smooth and rapid and the induction doses used were similar to previously published studiesY The major complication of propofol induction was found to be hypotension, particularly in the elderly and occurring in spite of careful titration of the induction dose. Hypotension with Anaesthesia and Intensive Care, Vol. 16, No. 2, May, 1988 propofol is said to be due to reduction in stroke volume and systemic vascular resistance combined with an absence of compensatory tachycardia. [5] [6] [7] It is possible also that the use of vecuronium, which lacks cardiovascular effects, and the vagotonic effects of fentanyl, may contribute to the blood pressure fall, 8, 9 In common with other studies we observed no evidence of myocardial ischaemia on ECG during induction 1o ,5 possibly because of a reduction in myocardial oxygen consumption. 1 1
The cardiovascular response to intubation tended to correct the initial hypotension, although rarely returning the pressure to preinduction levels, Thus the initial cardiac depression of propofol is not necessarily disadvantageous in that it counterbalances the response to intubation, and prevents potentially dangerous hypertension, During subsequent anaesthesia blood pressure climbed toward pre-induction values as duration of anaesthesia progressed and no episodes of hypotension occurred. The rises in blood pressure due to intubation and surgery are due predominantly to an increase in systemic vascular resistance. 1o , 12 The rapid decrease in infusion rates from the initial level of 9 mglkglhr to a mean of 7.5 mglkglhr following the induction period suggests that the initial rate was too high for many patients. On the other hand, fit young patients and those on high doses of centrally acting sedative drugs (including alcohol) often req uired larger doses of propofol (greater than 9 mglkglhr) for prolonged periods to maintain satisfactory blood pressure control.
The infusion rate of propofol was highly variable, ranging from 2-15 mglkglhr and did not correlate with induction dose, probably because induction dose is predominantly a function of the volume of distribution of the drug in the central compartment (22 to 41 litres 13) and maintenance infusion rate is a function of clearance and of the large volume of distribution at steady state (332 to 1011 litres I3
). In the morbidly obese patients it was our impression that optimum infusion rates were determined more by total body weight than lean body mass: this finding may be due to the larger steady-state volume of distribution of these patients.
During anaesthesia using neuromuscular blocking drugs there is concern for the presence of awareness. The three cases of dreaming, we believe, were related to light anaesthesia, and in two of these patients there were clear signs of this occurring during the anaesthetic. They resulted from reluctance on our part to increase the propofol infusion rates to higher levels when indicated by these signs and occurred during the initial experience with the technique. No true awareness occurred however. We found that assessment of depth of anaesthesia according to the commonly used measurements of blood pressure, movement and sweating to be reliable. Of these, blood pressure appeared to be the best indicator: pulse rate did not change markedly during anaesthesia in relation to other signs.
For the majority of patients, anaesthesia was maintained smoothly with no problems in adjusting the propofol infusion to a suitable rate. The mean number of adjustments in infusion rate was similar to what might be used in the regulation of gaseous and volatile components with standard anaesthetic techniques.
It was notable that postoperative recovery time did not correlate with total propofol dose or infusion rate at end of anaesthesia, indicating that the wide variation of the infusion rates we used was appropriate for the individual patients.
In general the recovery profile was considered to be excellent. Patients awoke rapidly with minimal restlessness or pain and the incidence of nausea and vomiting was very low considering the nature of the surgery. The use of air rather than nitrous oxide supplementation may have contributed to this low incidence. 14 The five patients on centrally acting sedative and anti-epileptic medication required high infusion rates as might be expected due perhaps to central tolerance or enzyme induction. In none of these patients was anaesthesia entirely satisfactory due to difficulties in achieving adequate depth of anaesthesia or slow subsequent recovery.
The rapid emergence from anaesthesia with this anaesthetic technique was felt to provide an additional safety factor in the initial phase of recovery. Excluding the three patients who were electively ventilated postoperatively, no patient returned to the recovery ward unable to maintain his own airway and 92% had already regained consciousness. Overall it was felt that quality of anaesthetic recovery improved as our own experience increased and the three patients who took more that ten minutes to breathe after the end of anaesthesia all were among the first ten patients studied.
Initial studies on the use of propofol in neurosurgery indicate that it has the desirable properties of decreasing cerebral blood flow and cerebral metabolic rate while retaining responsiveness of the cerebral circulation to carbon dioxide l5 and decreasing intracranial pressure. 16 Of the eleven patients undergoing craniotomy in our series, seven had spaceoccupying lesions and two of these had known raised intracranial pressure. Operative conditions were satisfactory in all patients, although we decided to abandon the technique in two when blood pressure control was less than optimal and additional hypotensive medication was required.
In conclusion propofol provided a satisfactory anaesthetic for the majority of patients studied, with smooth induction and rapid, pleasant recovery. Control of anaesthesia was easily maintained using standard criteria of anaesthetic depth and with experience was found to be no more difficult than control of inhalational anaesthesia. Hypotension was a problem due to the initial induction dose in particular for the elderly, and the technique appeared less suitable for those on large doses of centrally acting sedative medication.
Since completing this study, one case of frank awareness during propofol total intravenous anaesthesia has been reported to the authors from our institution. This occurred in a 35-year-old female with a very high alcohol intake undergoing diagnostic laparoscopy for probable pelvic inflammatory disease. After an initial induction dose of propofol 2.5 mg/kg and fentanyl 3 )lg/kg she was maintained on propofol 10 mg/kg/hr for the duration of the twenty-minute procedure. The anaesthetist noted an increase in blood pressure and pulse rate after insertion of the laparoscope and gave a 40 mg bolus of propofol which was without effect on the cardiovascular recordings. The anaesthetic was immediately converted to a conventional nitrous oxide/halothane technique. Upon waking, the patient complained of awareness and pain for episodes during the laparoscopic procedure. Together with the results of our study this case highlights the wide requirements for propofol infusion rate, the need to adjust infusion rate in response to signs of light anaesthesia and the importance of centrally acting compounds in altering the pharmacodynamic response to the anaesthetic agent. It also reinforces the view that a pharmacokinetic model cannot be used in isolation to deliver a consistent anaesthetic depth.
